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Editorial Comment 
What Exactly Is 2 + to 3 + 
Mitral Regurgitation?* 
BLASE A. CARABELLO, MD, FACC 
Charleston, South Carolina 
Gauging the severity of mitral regurgitation. Mitral regur-
gitation imposes a volume work load on the left ventricle that 
is proportional to the severity of the regurgitation. As 
regurgitation increases, the overload imparted by it eventu-
ally becomes severe enough to cause symptoms and myo-
cardial damage (1). Obviously, then, it is important to be 
able to quantify the severity of valvular regurgitation to 
assess prognosis and to make proper clinical judgments 
regarding medical and surgical therapy. Limited regurgita-
tion might mandate only prophylaxis against bacterial en-
docarditis; severe regurgitation indicates the need for careful 
follow-up and for eventual surgical correction to relieve 
symptoms and to prevent ventricular dysfunction. 
At what degree of severity is regurgitation likely to cause 
these unwanted sequelae? It appears that a regurgitant 
volume that is <35% of total left ventricular stroke volume is 
well tolerated over long periods and rarely causes dysfunc-
tion unless the regurgitation worsens or other diseases 
intervene (1,2). In contrast, regurgitant volumes >50% of 
total stroke volume are almost invariably reported in studies 
of symptomatic patients who either have required surgery or 
have had evidence of preoperative left ventricular dysfunc-
tion, suggesting that this degree of regurgitation leads to 
decompensation (3,4). Regurgitant volumes of 35% to 50% of 
total stroke volume may or may not cause important se-
quelae. Thus, there are guidelines that help the clinician to 
predict the outcome of valvular regurgitation. 
How, then, within this framework is the severity of 
regurgitation gauged? The answer is that it is not gauged 
with very much precision. The classic reference standard for 
assessing regurgitation is contrast ventriculography, in 
which severity of regurgitation is judged by the amount of 
opacification of the left atrium produced by radiographic 
contrast medium injected into the left ventricle. This system 
does not measure regurgitant flow, only the appearance of 
flow. Conventional wisdom is that severity grades of 1 + to 
2+ indicate that the regurgitation is relatively mild, probably 
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not capable of causing symptoms or ventricular damage, 
whereas grades 3+ and 4+ indicate severe regurgitation even-
tually requiring surgical correction. In fact, this system often 
adds little to our assessment of mitral regurgitation. From the 
physical examination alone it is often possible to deduce 
whether regurgitation is either very mild or very severe. In the 
intermediate ranges a firm conclusion about severity of regur-
gitation is often not made even after ventriculography. Fre-
quently the diagnosis is made that the patient has 2+ to 3+ 
mitral regurgitation. Does this mean that the patient should 
eventually undergo valve surgery? Although more precise 
methods of quantitating regurgitant flow and regurgitant frac-
tion exist (5), they are often not routinely applied and are 
almost impossible to apply if atrial fibrillation, a common 
problem in mitral regurgitation, is also present. We are then left 
with a semiquantitative gauge of severity that relies on a 
subjective interpretation of opacification that is confounded by 
the amount and rate of contrast injection, a gauge that is then 
used to make a critical management decision. 
Role of Doppler echocardiography. The development of 
cardiac Doppler interrogation as a widely available, easily 
applied noninvasive technique held promise for the evalua-
tion of mitral regurgitation. Specifically, col or flow mapping 
of the regurgitantjet provided great impetus for investigating 
valvular regurgitation. Although jet area and jet area relative 
to left atrial size at first seemed useful in quantifying mitral 
regurgitation, subsequent studies (6,7) have demonstrated 
pitfalls in this assessment. In a recent study (8) comparing 
physician decisions on the need for cardiac surgery based on 
noninvasive versus invasive data, the greatest discrepancy 
occurred in decisions regarding mitral regurgitation. This 
finding suggests imprecision of one or both types of data. 
Assessment of mitral regurgitation is made even more diffi-
cult in the presence of a prosthetic valve because acoustic 
shadowing can obscure the regurgitant jet (9); underestima-
tion of prosthetic mitral valve regurgitation by transthoracic 
Doppler echocardiographic techniques is common (10). This 
problem may be obviated by using transesophageal echocar-
diography (11), a safe albeit invasive procedure that does 
carry a small but finite risk. 
The current study. In this issue of the Journal, Yoshida 
and colleagues (12) have taken an innovative approach to the 
examination of prosthetic mitral valve regurgitation. Rather 
than assessing the regurgitation in the receiving chamber 
(left atrium), where echoes from the prosthetic valve can 
obscure the jet, they interrogated the ventricular side of the 
mitral valve for flow acceleration that must occur as blood is 
propelled through the relatively small regurgitant orifice. 
This method appeared sensitive to any significant amount of 
mitral regurgitation and in a small number of patients corre-
lated well with calculated regurgitant flow. Quantification of 
regurgitation by jet acceleration area proved superior to 
quantification by relative atrial jet area. In my view it 
represents a significant advance for the transthoracic ultra-
sonographic approach to quantification of prosthetic mitral 
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regurgitation. The authors are to be congratulated for using 
calculated regurgitant flow as a reference standard in those 
patients with sinus rhythm in whom flow could be calcu-
lated. 
Still, there was significant overlap between acceleration 
flow area and angiographic grade. This overlap might occur 
because the acceleration flow area is dependent primarily on 
acceleration rather than volume, the actual determinant of 
the severity of mitral regurgitation. It may also occur be-
cause, as noted earlier, the angiographic grading system 
itself has serious pitfalls. 
Implications. Currently, assessment of the severity of 
valve regurgitation lags far behind both the noninvasive and 
the invasive assessment of stenotic valves. In assessing the 
stenotic valve the gradient can be measured precisely and 
the valve area reasonably estimated. However, in regur-
gitant lesions, because the regurgitant volume itself is not 
usually measured either invasively or noninvasively, we 
only estimate the amount of regurgitation. The study by 
Yoshida et al. (12) clearly improves this estimation in 
prosthetic mitral regurgitation. However, until we can quan-
titate regurgitant flow with use of real flow values, we also 
must continue to be uncertain about how to manage a patient 
with 2+ to 3+ mitral regurgitation. 
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